INTRODUCTION
============

A high level of urinary albumin excretion has been known to be associated with increased risk of cardiovascular and renal diseases and eventually all-cause morbidity and mortality.[@B1][@B2][@B3][@B4] The excretion of not only clinical levels of albuminuria, but also subclinical amounts of albuminuria, was found to be associated with higher risk of cardiovascular and renal disease.[@B2] This risk was already apparent at levels of albuminuria currently considered to be normal in general population.[@B2] The urine albumin-creatinine ratio (uACR) (mg/g) is defined as a ratio of urine albumin (mg/dL) and urine creatinine (g/dL). It has been used to assess urine albumin excretion because it has been shown to be a good predictor of cardiovascular morbidity and all cause mortality.[@B5] The excretion of subclinical amounts of albumin in the urine, known as microalbuminuria, is defined as a uACR with a cut-off point of ≥30 to \<300 mg/g.[@B5] Microalbuminuria is considered to be a biomarker of endothelial dysfunction and one of the early markers of cardiovascular, cerebral, and renal diseases.[@B5][@B6][@B7] Recent studies have reported the prevalence of microalbuminuria and associated risk factors in different ethnic populations.[@B8][@B9][@B10][@B11] Previous studies of the prevalence of microalbuminuria and associated risk factors have shown some inconsistent results due to ethnic differences in participants, study design, adjusted confounding factors, and comorbidities of the study population. The threshold value of uACR was adopted from studies on the risk of development of diabetic nephropathy in diabetic patients,[@B12][@B13] and the same threshold has been used in studies among both general and nondiabetic populations. Low levels of urinary albumin excretion, below the current threshold for microalbuminuria, predicted the development of cardiovascular diseases in non-hypertensive and nondiabetic individuals.[@B14] Therefore, for studies on albuminuria and the associated risk factors, the differences between non-hypertensive, nondiabetic individuals and patients with clinically apparent hypertension (HTN) or diabetes should be examined. It is believed that gender is a fundamental variable in research for not only autoimmune diseases, but also non-communicable diseases. Furthermore, gender difference is not only a confounding factor, but also a disease modifier in older adults. Therefore, data from men and women should be analyzed separately.[@B15][@B16][@B17][@B18][@B19][@B20][@B21] Recently, researchers have been encouraged to study the differences between men and women not only in clinical research but also in animal and *in vitro* studies.[@B22]

The objective of this study was to investigate the differences in factors associated with albuminuria according to gender and the existence of HTN and type 2 diabetes mellitus (DM) in participants who were not taking medications.

METHODS
=======

1. Study Population
-------------------

This study was based on data acquired in the 5th Korea National Health and Nutrition Examination Survey conducted in 2011 (KNHANES V-2). The KNHANES is a cross-sectional and nationally representative survey conducted by the Korea Centers for Disease Control and Prevention periodically since 1998 to assess the health and nutritional status in a civilian, non-institutionalized Korean population. The 5th KNHANES was conducted from 2010 to 2012; urine albumin was measured in 2011. Using a stratified, multistage probability sampling design, 3,840 households were selected and 8,055 individuals completed the health interview and health examination surveys. In total, 6,308 adults aged 20-79 years were initially included. Subjects who took antihypertensive or anti-diabetic medication, those who reported a history of chronic renal failure or any cancer, women who were pregnant or menstruating during the health examination, and those with missing urine albumin data were excluded. Finally, 3,859 participants (1,753 men and 2,106 women) were included in the study population. This study was approved by the institutional review board of Hallym University Sacred Heart Hospital (IRB approval no. 2013-I075).

2. Measurements
---------------

The data were collected through standardized health examinations performed in specially equipped mobile examination centers and via face-to-face interviews in households. The health survey administration sequence was as follows: intake, receipt of written informed consent, anthropometric measurement, blood sampling, and completion of the questionnaire. The standardized questionnaire collected information about age, socioeconomic characteristics, medical history and drug use, smoking habits, and other lifestyle risk factors. The anthropometric data were collected according to the standardized guidelines.

Height and weight were obtained using standardized techniques and equipment. Height was measured to the nearest 0.1 cm using a portable stadiometer (Seriter, Bismarck, ND, USA). Weight was measured to the nearest 0.1 kg using a Giant-150N calibrated balance-beam scale (Hana, Seoul, Korea). Body mass index (BMI) was calculated by dividing weight by the square of height (kg/m^2^). Waist circumference (WC) was measured to the nearest 0.1 cm during exhalation, using a measuring tape (SECA 200; SECA, Hamburg, Germany) at the horizontal plane midway between the inferior costal margin and the iliac crest, at the mid-axillary line. The weight to height ratio was calculated as the waist circumference in centimeters divided by the height in centimeters. The dual-energy X-ray absorptiometry scan was performed for each subject to measure the total body fat mass and total body fat percentage using fan-beam technology (Lunar Co., Madison, WI, USA).

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) was measured by standard methods using a sphygmomanometer (Baumanometer; Baum, Copiague, NY, USA) with the patient in the sitting position after a 5-minute rest period. Three measurements were obtained with a 30-second interval. The average of the second and third measurements was used in the analysis. Pulse pressure was calculated as the difference between SBP and DBP, and when the difference was more than 40 mm Hg, it was defined as wide pulse pressure. HTN was defined as having a systolic blood pressure of 140 mm Hg or higher, or a diastolic blood pressure of 90 mm Hg or higher. Blood samples were collected in the morning after fasting for at least 8 hours and single-spot urine specimens were collected during the first morning void. Levels of fasting plasma glucose, hemoglobin A1c (HbA1c) and serum total cholesterol, triglyceride (TG), low density lipoprotein cholesterol, and high density lipoprotein cholesterol (HDLC) were analyzed using the Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan). DM was defined as having a fasting glucose of 126 mg/dL or higher, or a HbA1c of 6.5% or higher.

Smoking was measured in pack years. Alcohol consumption was measured in g/wk. Regular exercise was defined as more than 150 minutes of moderate intensity activity or 60 minutes of vigorous intensity activity per week. Data describing medications and lifestyle were obtained from structured questionnaires.

Urine albumin and creatinine concentrations in random urine samples were measured using a turbidimetric immunoassay and colorimetric method (Hitachi Automatic Analyzer 7600). The ratio of urinary albumin to urinary creatinine was reported as the uACR in milligrams per gram of creatinine.

Estimated glomerular filtration rate (eGFR) was estimated by the Modification of Diet in Renal Disease formula (eGFR \[mL/min/1.73 m^2^\]=186×serum creatinine \[mg/dL\]^-1.154^ ×age^-0.203^ × 0.742 \[if female\]).

3. Statistical Analysis
-----------------------

Due to the complex sampling design of the KNHANES, the weighted mean and standard error (SE), or proportion (%) and SE of the general characteristics according to gender and HTN and DM status were calculated. The assumption of normality of the data was tested by the Shapiro-Wilk test, and a P-value greater than 0.05 indicated that the observed distribution of a variable was not statistically different from the normal distribution. The values of TG, HDLC, aspartate aminotransferase (AST), alanine transaminase (ALT), and gamma-glutamyl transpeptidase (GGT) were log transformed because they were not normally distributed. Continuous data were expressed as means and SE, and categorical data as frequencies and SE, as appropriate. To examine the gender specific relative contribution of age and body fat percentage, subgroup analyses of men and women were performed using a linear regression model. Relationships between dependent and independent variables were analyzed using the Pearson\'s correlation test and simple linear regression. Next, multiple linear regression analysis was used to determine whether the association between the dependent and independent variables of interest remained significant after adjusting for other potentially confounding independent variables due to possible multicollinearity All the tests were two-sided with significance levels at a P\<0.05. All the analyses were performed using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA) and R ver. 2.15.2 (<http://www.r-project.org>).

RESULTS
=======

There were differences in almost all metabolic parameters, body fat percentage, blood pressure, and health behaviors between men and women ([Table 1](#T1){ref-type="table"}). In the participants without HTN and DM, eGFR and uACR were significantly higher in women than in men; however, among those with HTN or DM, there was no difference in eGFR and uACR between women and men. Again, among those without HTN and DM, BMI and fasting glucose were significantly higher in men than in women; however, there was no difference among men and women with HTN or DM. With respect to health behaviors, the number of men who consumed alcohol was higher than that of women.

The correlation analysis showed that the variables that were significantly correlated with uACR were different between genders and those with HTN and DM ([Table 2](#T2){ref-type="table"}). Age was negatively correlated with uACR only in women without HTN and DM (P\<0.0001), but there was no significant relationship between uACR and age in women with HTN or DM and in men. WC (P=0.0039), SBP (P=0.0003), DBP (P=0.0375), and pulse pressure (P=0.0071) were positively associated with uACR in women with HTN and DM, but not in women without HTN and DM and in men. In the univariate analysis, BMI was correlated with uACR in men without HTN and DM (P=0.0064) but not in men with HTN and DM and in women. Glucose, HbA1c, and TG levels were positively correlated with uACR in men with HTN and DM, but not in women. GGT was positively correlated with uACR in men, but not in women.

Multiple linear regression models were used to assess the associations of age, SBP, anthropometric parameters, metabolic profiles, lifestyle, and uACR ([Table 3](#T3){ref-type="table"}). In men without HTN and DM, HbA1c (P=0.01) was positively associated with uACR. In men with HTN or DM, SBP (P=0.005) and glucose levels (P\<0.001) were positively associated with uACR. In women with HTN or DM, WC (P=0.011) and GGT levels (P\<0.001) were positively associated with uACR, and glucose levels (P=0.019) were negatively associated with uACR.

DISCUSSION
==========

Factors including blood pressure, metabolic profiles, and obesity correlated with uACR were found to be different between for men and women. In men without HTN and DM, HbA1c was found to be significantly correlated with uACR. However, blood pressure, metabolic profiles, and obesity were not correlated with uACR in women without HTN and DM. Although the level of HbA1c was not in the range that indicates DM, HbA1c could be one of the risk factors for albuminuria in men, but not in women. Differences between the genders were noted according to the presence of HTN and DM. In men with HTN or DM, glucose level and SBP were significantly correlated with uACR. In women with HTN or DM, WC was positively correlated with uACR, but SBP was shown to be only marginally significant. Furthermore, in women with HTN or DM, glucose and uACR were negatively correlated, although men showed a positive correlation. These findings suggest that there is a paradoxical reverse correlation between glucose and uACR in women with early HTN or DM who were not taking medications, whose blood pressure and blood glucose levels were slightly elevated. This paradoxical reverse correlation between glucose and uACR was not observed in men. Therefore, it can be hypothesized that in women with early HTN or DM, a certain compensatory mechanism in the renal proximal tubule plays a role in regulating the plasma glucose levels, and such a compensatory mechanism may occur only in women in response to estrogen. Animal studies have suggested that estrogen plays a role in the preservation of renal function in chronic kidney disease and in the protection against renal aging in cases of oxidative damage.[@B23][@B24] Estrogen levels were not measured in our study, which is a limitation of our study.

Interestingly, GGT, one of the markers of oxidative stress, was shown to have a positive correlation with uACR in the group of women with HTN or DM. This suggests that abdominal obesity and oxidative stress could be contributing to the mechanism involved in the development of albuminuria in the group of women with HTN or DM.

Previous studies on albuminuria and the associated risk factors reported inconsistent results. uACR has been used to assess urine albumin excretion, because it has been reported to be a good predictor of cardiovascular morbidity and all cause mortality.[@B5] The cut-off value of microalbuminuria was uACR of ≥30 to \<300 mg/g; this value was obtained from studies about the risk of diabetic nephropathy development in diabetic patients.[@B5][@B12][@B13] However, previous researchers defined microalbuminuria using the same cut-off points that were used in their study among the general or nonhypertensive, nondiabetic populations.[@B8][@B14] Using one standardized uACR value (≥30 µg/mg) to define microalbuminuria may not only underestimate microalbuminuria in subjects with higher muscle mass (men) and possibly in certain racial/ethnic groups such as non-Hispanic blacks but may also overestimate it in subjects with lower muscle mass (women) because the urine creatinine concentrations differ between men and women and between different racial/ethnic groups. Some previous studies have advocated use of separate uACR cut-off points for the detection of micro-albuminuria in men and women. Use of sex-specific uACR values, (17 g/mg in men and 25 g/mg in women corresponding to 30 and 31 g/min of urine albumin excretion, respectively) for comparison of the uACR in spot urine samples to albumin excretion rates measured in timed urine specimens has been suggested.[@B25] Connell et al.[@B26] collected timed overnight urine samples from 187 diabetic and 105 control subjects and found that uACR of 4.0 mg/mmol (22 g/mg) correlated with an albumin excretion rate of 35 g/min in men and 23 g/min in women. Our study suggested that the inconsistency in the results of the previous research about albuminuria and associated risk factors could be caused by differences in the study population, including differences in gender and comorbidities.

Our study has some limitations. First, it was difficult to identify the cause-and-effect relationship between albuminuria and associated risk factors due to the cross-sectional nature of the study. Second, the inability to exclude subjects with undiagnosed renal disease or other conditions that may elevate urinary albumin excretion, such as hematuria, urinary tract infection, or other febrile illness should be considered when interpreting our data. Third, the results of urine albumin creatinine ratios were analyzed based on a single measurement. While the uACR is a good single-sample marker of increased urinary albumin excretion, a single measurement of urine albumin excretion and serum creatinine for calculating uACR and eGFR could result in misleading classifications of albuminuria and due to intra-individual variability. Unfortunately, it is not feasible to take repeated measurements in nationwide health examination studies. Lastly, data on the effects of several medications, which were used, on albuminuria were limited.

Despite these limitations, one strength of our study is the use of nationally representative date from a large population-based study. Another important aspect of the study is the separate assessments of characteristics of men and women in the general population, of those in the group without comorbidities such as HTN and DM, and of those with either HTN or DM. Previous studies based on participants of KNHANES from 2007 to 2010 did not include HbA1c values in their studies. However, our data included HbA1c; therefore, the prevalence of DM was not underestimated as in previous studies.

In conclusion, we found that factors correlated with albuminuria were different according to gender and comorbidities. Therefore, studies about albuminuria and risk factors should consider gender and comorbidities.
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###### General characteristics of study subjects

![](kjfm-36-316-i001)

Values are presented as mean±standard error or number (%). P-values were calculated by Student t-test or chi-square test. uACR, glucose, TG, HDLC, AST, ALT, and GGT were log transformed because they were not normally distributed. The data describing medications and life style were obtained from structured questionnaires. The eGFR (mL/min/1.73 m^2^)=186×serum creatinine (mg/dL)^-1.154^×age^-0.203^×0.742 (if female).

HTN, hypertension; DM, type 2 diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; uACR, urine albumin-to-creatinine ratio; HbA1c, hemoglobin A1c; TG, triglyceride; HDLC, high density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine transaminase; GGT, gamma-glutamyl transpeptidase.

^\*^HTN was defined as having a SBP of 140 mm Hg or higher, or a DBP of 90 mm Hg or higher. DM was defined as having a fasting glucose of 126 mg/dL or higher, or a HbA1c of 6.5% or higher.

###### Correlation analysis for uACR according to gender and diseases (HTN or DM)

![](kjfm-36-316-i002)

uACR, glucose, TG, HDLC, AST, ALT, and GGT were log transformed because they were not normally distributed. The data describing medications and life style were obtained from structured questionnaires. The eGFR (mL/min/1.73 m^2^)=186×serum creatinine (mg/dL)^-1.154^×age^-0.203^×0.742 (if female).

uACR, urine albumin-to-creatinine ratio; HTN, hypertension; DM, type 2 diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; TG, triglyceride; HDLC, high density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine transaminase; GGT, gamma-glutamyl transpeptidase.

^\*^HTN was defined as having a SBP of 140 mm Hg or higher, or a DBP of 90 mm Hg or higher. DM was defined as having a fasting glucose of 126 mg/dL or higher, or a HbA1c of 6.5% or higher.

###### Multiple linear regression analysis

![](kjfm-36-316-i003)

Urine albumin-to-creatinine ratio, glucose, TG, and GGT were log transformed because they were not normally distributed. The data describing life style were obtained from structured questionnaires. Values are standardized β-coefficients. The eGFR (mL/min/1.73 m^2^)=186×serum creatinine (mg/dL)^-1.154^×age^-0.203^×0.742 (if female).

HTN, hypertension; DM, type 2 diabetes mellitus; SBP, systolic blood pressure; HbA1c, hemoglobin A1c; TG, triglyceride; GGT, gamma-glutamyl transpeptidase; eGFR, estimated glomerular filtration rate.

^\*^HTN was defined as having a SBP of 140 mm Hg or higher, or a DBP of 90 mm Hg or higher. DM was defined as having a fasting glucose of 126 mg/dL or higher, or a HbA1c of 6.5% or higher.
